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Seamless clock 
Field of the Invention 
5 The present invention relates to systems relying on a plurality of clock sources. 
Background of the invention 

Larger computer and control systems are often distributed on a plurality of circuit boards, 
10 each having its own clock source. Typically, real time applications require accurate 
phase aligned reference clock signals in order to guarantee that the operation will be 
unaffected in case of a failure of a clock source or failure of a unit incorporating such a 
clock source. It is known to generate a common system clock from at least one of a plu- 
rality of clock sources, such that a system reference clock signal is provided, preferably 
15 with insignificant phase delays, to each of the plurality of boards. Should any circuit 
board or any clock source malfunction, the function of the system clock should be re- 
stored or retained. It should also be possible to replace a single circuit board without se- 
riously interrupting the operation of the remaining system, i.e. hot swapping circuit 
boards. 

20 

Prior art document US61 94969 shows a redundant clock system comprising a first clock 
board and a second clock board, a system board and a system controller. Each clock 
board comprises at least one clock source. In operation, one clock board is providing a 
master clock signal while the other is providing a slave aligned clock signal. If the master 
25 clock signal is found to loose as little as one clock edge, an input clock failure is identi- 
fied by the system board and a switchover is made, for instance within three clock cy- 
cles, to the redundant slave clock signal in phase alignment with the master clock signal. 
Any of the first or second clock boards may be hot swapped with a third clock board. 

30 in prior art document US61 94969 two phase-locked signals are provided for redun- 
dancy. To make use of these redundant clock signals, every receiver needs two inputs 
and selection circuitry to switch between the redundant clock signals. 

Prior art document US4282493 shows a redundant clock generating drcuitry for provid- 
35 ing an uninterrupted clock signal. Two clock modules are provided each comprising a 
first PLL oscillator and a second PLL oscillator monitoring the first PLL oscillator and 
providing an out-of-lock signal upon detection of any disparity there-between. One clock 
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is master and the other is slave. Switching the master from one doclc module to the 
other will not cause any phase discontinuities or momentary bit transitions on output 
clock signals because the master and slave clock are phase locked with regard to one 
another prior to and after switching. Switching from one clock to the other may be inltl- 
5 ated upon detection of a malfunction as indicated by an out-of-lock signal. 

If there is a failure on the master clock module in US4282493, the signal from the slave 
unit will seamlessly take over. However, when the slave module takes over as master, 
the signal from this board Is physically driven through the board of the previous master. 
10 If the previous master board is removed, all boards of the system will loose their clock 
signal; i.e. hot-swapping of the clock modules is not possible. 

Moreover, apart from the PLL devices used for phase locking of the two sources, 
US4282493 assumes a PLL in the receiver end and requires additional logic on all 
15 boards of the system sharing a common clock in the same manner as In US61 94969. 

Summarv of the invention 

It is a primary object of the invention to set forth a system, which provides a virtually 
20 seamless clock signal if a local clock or clock unit malfunctions or a clock unit is hot 
swapped and which does not require a superior system component to secure redun- 
dancy. 

This object has been accomplished by the subject matter defined by claim 1 . 

25 

It is moreover an object to set forth an extendable clock system, which Is based on a 
single modular unit. 

This object has been accomplished by claim 2. 

30 

It is a further object of the invention to set forth a unit which provides a virtually seamless 
clock signal if a local clock or clock unit malfunctions or a clock unit is hot swapped and 
which does not require a superior system component to secure redundancy. 

35 This object has been accomplished by the subject matter set forth in claim 8. 
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More advantages will appear from the following detailed description of preferred em- 
bodiments of the invention. 



5 Brief description of the drawings 

Fig. 1 shows a preferred embodiment of the invention of local clocic circuitry of two ex- 
emplary units being interconnected by means of a clock bus and logic bus, 

10 Fig. 2 shows an exemplary embodiment comprising three redundant clocic boards and 
two boards with additional functionality but without any clocic circuitry. 

Fig. 3 shows an exemplary timing diagram relating to the operation of the units shown 
in fig. 1, In which initially unit 1 is master and unit 2 is slave and where subse- 
15 quently unit 2 is master and unit 1 is slave, and 

Fig. 4 shows a preferred embodiment of fault sense drcuitry in the first unit shown in 
fig. 1. 

20 Detailed descriotion of preferred embodiments of the invention 

In fig. 1, an apparatus 10 comprising two units 1 and 2 have been disclosed. Each unit 
comprises a clock functionality and additional functionality (not shown). The clock ftino- 
tionality of the two units ate identical and are coupled to one another over a clock bus, 

25 comprising a system clock line, SCLK, and an intemal clock line, ICLK, and over a logic 
bus, L-BUS. The additional functionality could relate to virtually any functionality requir- 
ing a clock signal, such as telecom radio base station functionality. The additional func- 
tionality of the units may not necessarily be the same. Advantageously, the units could 
be arranged on separate circuit boards fitting in a common rack. Moreover, three or 

30 more units cx>uld be coupled to the above-mentioned busses; whereby a given unit is 
master and the other units are slaves. The system clock SCLK is the clock reference 
signal provided to all units from the given dedicated master unit. 

The first unit comprises a logic section MSI, a clock source CLK1 , comprising for in- 
35 stance a quartz clock, a phase lock loop (PLL) device P1 , a first bi-directional port BD1 1 
and a second bi-directional port BD12. 
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The clock source CLK1 is generating a clocic source signal CLK10, whicii may be halted 
upon reception of an asynchronous command signal ASCMD1. The clocic source signal 
CLK10 is Issued to the first bi-directional port BD1 1 . Depending on the state of an en- 
5 able signal BD1 1 E, BD1 1 has the following function: If enabled, BD1 1 outputs the 
source clock signal CLK10 to the internal clock ICLK over a line B1 1 and concurrently 
imports tiie same clock signal. If disabled, BD1 1 Imports a clock signal from the internal 
clock ICLK over a line B1 1 

10 The first bi-directional port BD1 1 transfers the occum'ng source signal on line B1 1 into 
line CLKB1 to phased lock loop (PLL) device P1. As is commonly known, a PLL device 
will, If exposed to a periodical Input signal, provide the same signal on its output. How- 
ever, should a single pulse alter in the input signal or should the frequency of the input 
signal alter stepwise, the PLL will - in analogy to a gyro system - slowly change its output 

IS such that the output gradually will match the frequency and phase of the incoming sig- 
nal. The PLL device contains an internal feedback loop illustrated by line P1L. 

The PLL device PI produces a derived clock signal CLKP1 that is input to second bi- 
directional port BD12. Depending on the state of an enable signal BD12E, BD12 has the 
20 following function: If enabled, BD12 outpute the source clock signal CLKP1 to the sys- 
tem clock SCLK over a line B12 and concurrently imports the same clock signal. If dis- 
abled, BD12 imports a clock signal from the system clock SCLK over a line B12 and 
passes it further on as a s'^nal CLKL1 . 

25 The derived clock signal present on system clock SCLK is lead to logic section MS1 . 

Both enable signals BD11E and BD12E Is output from logic signal MS1. 

The second unit 2 is identical to unit 1 , although the reference numerals of unit 2 are 
30 different for the same type of elements found in unit 1 . 

As mentioned above, operation is so that one unit is master while the remaining units 
are slaves. In a preferred embodiment, the master unit controls the system clock SCLK 
and the internal clock ICLK, while the slave units sense the former two clock signals. 
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The change of master from one unit to another is accomplished according to the opera- 
tion of logic sections MSI and MS2. The operation enables switching according to 
sensed error states but also enables intended master changeovers, which are not 
caused by faults. The dedication of master unit Is dependent on a signal being given on 
5 the L-bus so as not to select a given unit for being a master unit, and if a given unit is 
dedicated as master unit when such a signal on the L-bus is given, the system perfomns 
a switchover causing another unit as the one not selected to be dedicated as master 
unit. 

10 The changeover could be effectuated by an external asynchronous signal, such as the 
one given when an operator prepares for a hot swap and for instance gives a command 
signal ASCMP1. 

The logic section of a given unit is synchronised with the system clock SCLK over the 
15 signal lines CLKL1 , CLKL2. 

In fig. 2, another exemplary coupling scheme according to the invention has been shown 
comprising three redundant clock units 1, 2 and 3 on separate boards and two boards 6. 
7 with additional functionality but without any clock generating or clock evaluating func- 
20 tionality. All boards are connected over the system clock line SCLK. The clock unit 3 and 
additional functionality 5 reside on the same board. The clock units are moreover Inter- 
connected by the L-BUS and the internal clock line ICLK. 

The operation shall now be explained with regard to the following exemplary timing dla- 
25 gram shown In fig. 3, in which an external asynchronous Input effects a switchover 

At a given point in time T1, the two clock sources CLK1 and CLK2 produce two signals 
CLK10 and CLK20 of substantially the same frequency but which are lagging in phase to 
one another with an arbitrary phase difference that could amount to +/- 1 80 degrees. 

30 

As appears from fig. 3, at time T1 the internal clock ICLK is in phase with the system 
clock SCLK. 

At time T2, a signal indicative of an Intended change In master from unit 1 to unit 2 is 
35 signalled on the L-BUS. Following the subsequent positive flank T3 of the system clock 
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SCLK, ail enable signals BD11E, BD12E, BD21E and BD22E changes states atT4. Tliis 
effects tlie change of master from unit 1 to unit 2. 

The internal clock signal ICLK is given by the source clock chosen, corresponding to the 
5 selected master. Before T5, the Internal clock is following CLK10 and after T5, the inter- 
nal clock follows CLK20, as signalled over BD1 IE and BD21E. 

As is seen from fig. 3, a phase shift in ICLK occurs at T5 as switchover is made between 
CLK10andCLK20. 



The signalling from the logic sections MS1 and MS2 secures that at all times the signals 
CLKB1 , CLKB2 are fetched from the same clock source. Hence, the internal clock ICLK 
always depends on the one selected intemal dock. Consequently, the inputs to the vari- 
ous PLL's are identical. All PLL's have the same predetermined characteristic and the 

IS tolerance level applicable for the PLL units are chosen to be appropriately small. Hence, 
the various outputs of the PLL's - CLKP1 and CLKP2 - will always be substantially In 
phase arKi be dependent on the prevalent dedicated intemal dock signal ICLK. There- 
fore, the system dock SCLK can be switched over virtually seamlessly from CLKP1 to 
CLKP2 and vice versa as controlled by logic signals BD12E and BD22E. The PLL's P1 

20 and P2 viHIl maintain generating phase aligned clock signals CLKP1 and CLKP2 for sev- 
eral dock cycles, even if no intemal clock ICLK signal is present. 

When the ICLK signal changes abruptly from a first phase value to a second phase 
value - as illustrated at T5 - the PLL's will gradually change the phase of their outputs so 

25 that after a given period - at T6 - the PLL's will be in phase with the second phase value 
of the ICLK signal. The inertia of the PLL's and the conesponding period of "ramp align- 
menf is chosen to match the system clock requirements of the addittonal functionality 
mentioned above. The phase change is off course associated with a change in dock 
de frequency. In fig. 3. the frequency FSC of tiie system ctock signal SCLK has been 

30 illustrated as changing from a first frequency F1 at time T1 to a second frequency F2 
immediately after T5. Subsequently, the frequency FSC approaches asymptotically the 
first frequency F1 . Advantageously, the alignment period T5 - T6 is chosen to several 
clock cycles, such that the additional functionality "wont notice" the phase change. At 
time T6, the phase difference is illustrated as being insignificant. 
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As explained above, the enable signals BD11E. BD12E. BD21E and BD22E are related 
to the first positive edge of SCLK that is overlapped by the L-bus signal. Thereby the 
state changes of enable signals occur following a positive edge of SCLK. The short de- 
lay from SCLK going high at T3 to the enable signals are changing state at T4 is due to 
propagation delays in the circuitry. 

Consequently, the switching of output enable signals is first accomplished when ft Is 
known that SCLK is in a logic high state at a time with a certain predetermined security 
time interval from state changes, i.e. at a certain distance to the flanks. It Is Important 
that the switch does not occur when there Is a transition of SCLK. since this could cause 
disturbances at the receiver end. 

An external circuitry is used to bias the SCLK line to a logic high state, in case no unit 
should drive the SCLK line. Since switching can only occur when SCLK is high, there is 
15 thus no possibility that no unrt is driving the SCLK line for a short moment when one unft 
is turning off and the other is turning on. Advantageously, the extemal circuitiy com- 
prises a pull-up resistor R1 being arranged between a system high voltage Vcc and the 
system SCLK. 

20 The means for providing error detection and the methods for obtaining appropriate fautt 
management routines can be implemented in a variety of ways. 

The logic sections MS of each unit comprises functionality to notify other units about 
whether the given unit is connected (or possibly suffers a fall state) to the l-CLK and the 

25 S-CLK line or not. Each logic unit moreover comprises functionality to learn about which 
other unfts are connected. Advantageously, a priority scheme is negotiated every time 
there is a change In the units being connected, involving that a priority scheme accord- 
ing to which a predetermined order for dedicating unfts is detemnined. Thereby, all units 
agree on a subsequent master is being dedicated in case another master suffere a fail 

30 state. The priority scheme coukl for instance be arranged according to the order at which 
modules are connected. A random order could also be enviskjned. The logic sections 
constitute an autonomous control of the dock system disregarding the actual number of 
clock units being present. No superior or addftional dock circuitiy is needed. 



35 Fig. 4 shows a preferred embodiment of fault sense drcuitry in the first unft shown In fig. 
1 . For darity, some of the lines and signals shown in fig. 1 have been omftted from being 
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represented on the fig 4, although they do exist in this embodiment. The operation of 
clock source CLK1 is provided with error status line SCLK1 that can be checlced by the 
logic section MS1 reading the state of SCLK1 . Likewise, the en-or status of bi-directional 
port BD1 1 is read over SBD1 1 , the en-or status of bi-directional port BD12 is read over 
5 SBD12 and the error status of PLL device P1 Is read over SP1 . 

When there is a transition on one of these inputs, it will be interpreted as an asynchro- 
nous switch command and will be treated in the same manner as a switch ordered by an 
operator. Another possibility is that a CPU (not shown) associated with the additional 
10 functionality of the board has a watchdog circuit If the watchdog timer expires, a switch- 
over command is generated. 

It appears that if CLK1 or BD1 1 fails, switchover virtll not effect the system dock at all, 
disregarding whether unit 1 is master or slave. 

15 

If the PLL device P1 fails or the bi-directional port BD12 fails when unit 1 is master, a 
glitch will appear in the SCLK signal. Hence, in a prefenned embodiment of the invention, 
the reliability of PLL devices and the bi-directional unit coupled to the output of the PLL 
device is of a high standard. 

20 

It should be noted that, the above mentioned type of faults would normally occur seMom 
in relatton to otiier faults typically occuning in a system making use of the clodc unite. In 
typical applications, the additional functionality could be based on very large numbers of 
components. Hence, In those cas^, on average an error is not likely to occur in ttie PLL 
25 devices or the bi-directional porte connected to the outpute of the PLL devtees, but in 
some other component This type of fault will be remedied by a hot swap of the module 
with the faulty component The present invention provides for a seamless switch of units 
In those cases. 

30 It shoukJ moreover be noted that alternative embodiments could be envisioned in which 
the master unit is not necessarily outpuUiing the clock source on the internal dock line 
while controlling the system clock line at the same time. In prindple, a given unit could 
be master for the system clock, while another unit couW be master for tiie intemal dock 
line. The logic circuitry could effectuate that in case more tiian two unite are prevalent, a 

35 masterehip for the system dock line is dedicated to a first unit while the mastership for 
the intemal dock line is dedicated to another units. 
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